Subcellular localization of radiolabeled somatostatin analogues: implications for targeted radiotherapy of cancer.
Copper-64 (T(1/2) = 12.7 h; beta(+), 17.4%; beta(-), 39%) has been used both in positron emission tomography imaging and in radiotherapy. Copper-64 radiopharmaceuticals have shown tumor growth inhibition with a relatively low radiation dose in animal models; however, the mechanism of cytotoxicity has not been fully elucidated. These studies incorporate the use of somatostatin receptor-positive AR42J rat pancreatic tumor cells in vitro to understand the cell killing mechanism of (64)Cu by focusing on subcellular distribution of the somatostatin analogues (64)Cu-labeled 1,4,8,11-tetraazacyclotetradecane-1,4,8,11-tetraacetic acid-octreotide ((64)Cu-TETA-OC) and (111)In-labeled diethylenetriaminepentaacetic acid-octreotide ((111)In-DTPA-OC). Cell uptake and organelle isolation studies were conducted on (64)Cu-TETA-OC and (111)In-DTPA-OC. Nuclear localization of (64)Cu and (111)In from (64)Cu-TETA-OC and (111)In-DTPA-OC, respectively, increased over time, with 19.5 +/- 1.4% and 6.0 +/- 1.0% in the cell nucleus at 24 h, respectively. In pulse-chase experiments, in which (64)Cu-TETA-OC was incubated with AR42J cells for 4 h, it was found that the nuclear localization of (64)Cu increased significantly over the next 20 h (from 9.8 +/- 1.0% to 26.3 +/- 5.4%). In a control pulse-chase experiment, levels of (64)Cu from [(64)Cu]cupric acetate decreased from 4 to 24 h postadministration (20.6 +/- 8.7 to 5.4 +/- 1.9), suggesting that the redistribution mechanism, or the kinetics of (64)Cu from (64)Cu-TETA-OC is different from that for (64)Cu from [(64)Cu]cupric acetate. The amount of (64)Cu from (64)Cu-TETA-OC also increased in the mitochondria over time, with 21.1 +/- 3.6% in the mitochondria at 24 h postadministration. These results suggest that localization of substantial quantities of (64)Cu to the cell nucleus and mitochondria may contribute to cell killing with (64)Cu radiopharmaceuticals.